The objective of the study was to evaluate the relationship between the fluoride concentration of the fluoride-releasing elastomers and the acquired acid resistance of human enamel. Four kinds of fluoride concentration of the experimental fluoride-releasing elastomers were 1.25, 2.5, 3.75 and 5.0wt%. An enamel block was cut into two smaller enamel blocks, one of which was set with an elastomer, the other as a control not set with elastomer.
INTRODUCTION
To prevent enamel demineralization in orthodontics, fluoride-releasing elastomers have been developed and studied. In the 1990's, fluoride-releasing elastomeric chains (Fluor-I-chain) and elastomeric ligature ties (Fluor-I-ties) were developed in the U.S.A. Stone et al.1) evaluated the fluoride-releasing ability and some mechanical characteristics of Fluor-I-chain.
Banks et al.2) undertook a clinical study on fluoridereleasing Fluor-I-Chain and Fluor-I-Ties.
Although the elastomers showed some fluoride-releasing ability and reduced enamel decalcification by 49% clinically, the mechanical properties of the elastomers were sacrificed because of impregnation of fluoride, which severely limited their clinical use.
It is well known that with the increase of the amount of fluoride dispersed in the elastomer the mechanical properties will inevitably become worse. In 2000, in order to develop a new fluoride-releasing elastomer which was more suitable for clinical use, Itoh et al. 3 ) chose two kinds of polyurethane elastomers (E580 and E590), which had excellent mechanical properties, prepared fluoride-releasing elastomers with SnF2 1.25-5.0wt%
and evaluated the fluoride-releasing ability and some mechanical characteristics. of fluoride release was 2-3 times of that on the second day. From the third day fluoride release was in the gradually decreasing state. When the fluoride-releasing elastomer was set with the enamel block (E), the total released fluoride was in the range of 11.3 to 50.2ppm.
On the other hand, when the fluoride-releasing elastomer was set with the plastic block (P) the values were in the range of 15.1 to 60.3ppm, greater than the former. Between them (E and P) the difference was statistically significant (p<0.05) for all the four kinds of fluoride concentration. Table 1 , when the fluoride concentration was 1.25, 2.5, 3.75 or 5.0wt%, the difference between the two kinds of fluoride release was 3.8, 8.0, 12.3 or 10.1ppm respectively, which maybe resulted from the fluoride uptake of enamel. Fig. 3 longitudinally presents the daily absorbed fluoride by enamel during the immerse time. Only when the fluoride concentration was 5.0wt% the sharp decline appeared from the first to the second day. For the other conditions, the curve appeared to be flat and gradually decreased to near zero.
Absorbed fluoride As shown in
Observation of the fluoride distribution As shown in Fig. 4 , EPMA maps showed the fluoride distribution in the enamel. The difference between the enamel affected by fluoride and the control may be detected by the color change in the surface of enamel. The yellow color in enamel of the former was apparently denser than in the latter.
(1) Fig. 5 shows the photographs of the CMR. The demineralization degree (the area of darkness in the subsurface of enamel) of the enamel that had absorbed fluoride from the experimental elastomer apparently seemed to be smaller than that in the control. The acquired acid resistance rates (AR) of the enamel affected by the fluoridereleasing elastomers are shown in Table 2 . When the fluoride concentration of the elastomer was 1.25, 2.5, 3.75, or 5.0wt%, AR was about 53, 54, 61, or 70% respectively. Although with the increase of fluoride concentration in the elastomers the acid resistance of enamel seemed to become larger, only between group 1 (1.25wt%) and group 4 (5.0wt%) AR was significantly different (p<0.05).
DISCUSSION
Because in vivo dynamic changes in temperature, pH, salivary and bacterial enzymes will contribute to a more rapid decay in the properties of the elastomers, in vitro the simulated oral environment maybe underestimate the loss of material properties7). Therfore, the fluoride release rate of the experimental elastomers in vitro only grossly indicated the fluoride release ability of the elastomers when set in the oral cavity. Actually, in vitro fluoride release rate may be overestimated compared to that in vivo8). In the study, the experimental elastomers showed the ability to release enough fluoride to reduce demineralization.
On the tenth day, the lowest fluoride concentration was about 0.3ppm, which was much higher than 0.05ppm.
It was reported that fluoride concentration no less than 0.05ppm would be beneficial for demineralization inhibition9). Furthermore, since in the oral cavity the fluoride ion may be diffused into saliva and ingested, to more effectively inhibit the demineralization the maintenance of some low fluoride concentration is of great importance, which accounted for studies on the fluoride-releasing materials.
In this study during the experimental period (10 days) the elastomer released only about 15% of the total fluoride in the elastomer, which showed that the elastomers had the potential to release fluoride constantly for a longer time. The total amount of released fluoride appeared to become significantly greater with the increase of fluoride concentration in the elastomer, when set with an enamel or plastic block. This property was similar to the fluoride-releasing glass-ionomers that This agrees with the report on some fluoride-releasing composites, that at higher fluoride content, the reduction in demineralization appears to be independent of the fluoride level18).
Although in some extent the increase of fluoride concentration is beneficial to fluoride incorporation into enamel the optimal level of fluoride is still unknown19). For fluoride-releasing elastomers, the determination of the most suitable fluoride concentration would be complicated.
The optimal fluoride concentration in the elastomers must comprehensively be determined by combining the potential to enhance the acid resistance of enamel with the influence of fluoride on the mechanical properties of the elastomers. In further studies, it is necessary to investigate the influence of fluoride on the mechanical properties of elastomers. 
